Matrix Gla protein (MGP) is an important regulatory protein for inhibition of calcification in the vessel wall and cartilage. The MGP gene polymorphisms are suspected to increase the risk of extracellular calcification through altering the related gene expression and serum MGP levels. The goal of this study was to examine the correlation between rs4236 (Thr83-Ala), rs12304 (Glu60-X) and rs1800802 (T138-C) polymorphisms of the MGP gene and coronary artery calcification. Serum MGP levels of 168 subjects who had undergone coronary angiography were analyzed along with genotyping of MGP gene polymorphisms. The results indicated that serum MGP levels were significantly associated with rs4236 and rs1800802 polymorphisms of the MGP gene with the occurrence of coronary artery diseases (CAD). Allelic distributions of MGP gene polymorphisms and serum MGP levels, respectively, were not significantly interconnected with the presence of CAD. Our results revealed that serum MGP levels of CAD patients show association with rs4236 and rs1800802 polymorphisms, but serum MGP levels alone do not directly reflect the risk of CAD. The role of MGP genetic variants on formation and progression of arterial calcification should be regarded in cardiovascular diseases.
INTRODUCTION
Cardiovascular diseases (CVD) have been the main cause of death worldwide in the past decade [1] . Efforts to overcome these diseases have gained crucial importance along with the increase in aging population. Screening of traditional risk factors could not provide sufficient information for CVD prediction. Approximately 25.0% of patients with CVD comprise asymptomatic individuals suffering from non fatal myocardial infarction or sudden death [2] . Therefore, in order to elucidate the causes of CVD, which lead to predisposition for this disease, new risk factors assessments have to be identified.
Arterial calcification affects the endothelial layer and the media of the vessel wall. Particularly, atherosclerotic vascular calcification is prevalent in the aging population, however atherosclerotic lesions can occur in earlier ages, even during fetal life, related with parental smoking [3] . Arterial calcification was found to progress with the differentiation of vascular smooth muscle cells (VSMCs) into osteoblast-and chondrocyte-like cells [4] . For this reason, the role of various bone related genes in atherosclerotic processes were investigated to clarify underlying mechanisms [5] [6] [7] . Matrix Gla protein (MGP), a vitamin K-dependent matrix protein, participate in regulatory mechanisms of vascular calcification. It is an 84-amino acid protein, mainly expressed in bone matrix, cartilage and VSMCs.
Matrix Gla protein contains nine glutamate residues and five of them can be γ-carboxylated by vitamin K-dependent reaction. Gla residues have high affinity to calcium phosphate (hydroxyapatite) compound. Knockout mouse model experiments have demonstrated that MGP-deficient mice exhibited abnormal and severe arterial and cartilage calcification within a few weeks after birth [6] . Moreover, single nucleotide polymorphisms (SNPs) of human MGP genes lead to either reduced protein expression or loss of function [8, 9] .
Previously, we investigated the associations of MGP SNPs with cardiovascular complications in chronic kidney disease (CKD) and end-stage renal disease [10] . We demonstrated that rs4236 and rs12304 SNPs of the MGP gene are significantly associated with CKD. Nonetheless, we could not find any correlation between variation of the MGP gene and serum MGP levels. In our present study, we assessed the relation between rs4236 (Thr83-Ala), rs12304 (Glu60-X) and rs1800802 (T138-C) SNPs of the MGP gene and coronary artery calcification. Furthermore, we analyzed serum MGP levels to evaluate their correlation with studied MGP gene variants.
MATERIALS AND METHODS

Sample Collection and Clinical Assessment.
The study was conducted with 168 Caucasian participants recruited between February 2011 and November 2012 from the Cardiology Department of İstanbul Dr. Siyami Ersek Thoracic and Cardiovascular Surgery Training and Research Hospital, İstanbul, Turkey. Patients suspected of having CAD with health complaints such as angina, atypical chest pain and chest distress, were enrolled in the study. After general medical inquiry, routine blood and urine assays, patients admitted to the Department of Cardiology to determine the presence of concomitant CAD. Coronary angiography was performed in all subjects through the femoral artery by the Judkins technique to determine the presence of arterial calcification. One hundred and twelve of subjects were considered as CAD patients, who had at least one vessel with >50.0% narrowing of the luminal diameter. The CAD group was also divided into three sub-groups as single-vessel disease (n = 62), two-vessel disease (n = 30) and three-vessel disease (n = 20), according to the number of main vessels with significant stenosis. Subjects who had normal coronary arteries, without cardiovascular disease, were enrolled as a control group (n = 56). Informed consent was provided by all volunteers who participated in the study. The study protocol was approved by the local ethics committee of Marmara University and Turkish Ministry of Health, Central Ethics Committee (ID: 09.2011.0020, 2011). The patients with malignancies were excluded.
Demographic and clinical data, including underlying diseases such as hypertension and diabetes mellitus (DM), smoking, alcohol consumption and family history were collected from medical records. Biochemical data related with CAD, such as serum glucose, triglyceride, low density lipoprotein (LDL)-cholesterol, high density lipoprotein (HDL)-cholesterol, total cholesterol and creatinine, were assayed using routine clinical methods. Table 1 represents demographic and biochemical profiles of participants.
Genotyping of MGP SNPs. Peripheral blood samples from participants were collected and then genomic DNA was extracted by Roche DNA isolation kit (Roche Diagnostics GmbH, Mannheim, Germany). The genotyping of rs1800802 (T138-C) in the promoter region, rs4236 (Thr83-Ala) and rs12304 (Glu60-X) in exon 4 of the MGP gene, was carried out using polymerase chain reaction (PCR), (CSL Gradient Thermal Cycler; Cleaver Scientific Ltd., Rugby, Warwickshire, UK). The location of the studied SNPs on a schematic representation of the MGP gene structure are shown in Figure 1 . Genotyping of rs1800802 and rs4236 SNPs was performed by using PCR with subsequent restriction fragment length polymorphism (RFLP) analysis as previously reported by Garbuzova et al. [11] . Genotyping of rs12304 polymorphism was carried out as described previously [10] . Serum MGP Levels. Serum samples of participants were separated from whole blood and kept at -20 °C until they were analyzed. An enzyme-linked immunosorbent assay (ELISA) provided by Sunred Biological Technology (Shanghai, People's Republic of China) was used to measure concentrations of serum MGP.
Statistical Analyses. The statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS®) software (version 20) (https://ibm. com/ SPSS-Statistics/Software). All results expressed as means ± SD and p value less than 0.05 were defined to be statistically significant. Hardy-Weinberg equilibrium (HWE) testing was executed to compare the monitored and expected genotype frequencies of subjects using the χ 2 test. Descriptive statistics and multivariate analyses were performed to estimate the relationships between clinical profiles and MGP alleles. The results were adjusted for the cofounders age and gender. Multinomial logistic regression analysis was used to determine the odds ratio (OR) of the genotype for the occurrence of CAD. Linkage disequilibrium (LD) block structures of MGP gene SNPs, HWE test and calculation of haplotype frequencies and estimated associations between haplotypes and CAD risk were performed by Haploview (version 4.2) (https://www. broad institute.org/haploview/haploview) [12] .
RESULTS
Clinical Characteristics of the Participants. Table 1 presents the main characteristics of 168 subjects and their biochemical parameters indicated as risk factors for CAD. There were no significant differences between glucose, triglyceride, LDL-cholesterol, HDL-cholesterol, total cholesterol levels, estimated glomerular filtration rates (eGFR) of CAD patients and controls (p >0.05). Furthermore, CAD patients were isolated into subgroups as single-vessel disease (n = 62; 55.3%), two-vessel disease (n = 30; 26.8%) and three-vessel disease (n = 20; 17.9%). Serum MGP concentrations were not statistically different between CAD patients and controls (p >0.05).
Genotype Distribution of MGP SNPs and Their Associations with CAD Risk and Biochemical Profiles.
Genotype frequencies and allele distributions of MGP SNPs rs1800802, rs4236 and rs12304, which were in accordance with HWE expectations, are presented in Table 2 . The genotype distributions of rs1800802, rs4236 and rs12304 SNPs were not statistically different between CAD patients and healthy controls (p = 0.701, 0.267, 0.936, respectively). The relation between allele distribution and CAD risk was evaluated by multinomial logistic regression analysis and the results are shown in Table 3 . The correlation between rs1800802, rs4236 and rs12304 alleles and CAD risk was not statistically significant (p = 0.822, 0.121 and 0.936, respectively). Moreover, no association was found between the presence of single-, two-, and three-vessel disease and MGP alleles. The allele distributions of SNPs were further evaluated to view the association of MGP gene variants with clinical risk factors for CAD (Table 4 ). Particularly, polymorphism rs4236 had a correlation with serum HDLcholesterol (p = 0.049).
Associations Between MGP SNPs and Serum MGP Levels. The difference of serum MGP levels between CAD patients (0.82 ± 0.37 µg/L) and controls (0.87 ± 0.42 µg/L) were not statistically significant (p >0.05) ( Table 1) . Serum MGP levels demonstrated diversity related to the rs1800802 genotype distributions in CAD patients (p = 0.019). In addition, genotype distributions of rs4236 were associated with serum MGP levels, especially in the presence of CAD (CAD patients p = 0.012; controls p = 0.022). The histograms of serum MGP concentrations relative to MGP genotypes are shown in Figure 2 . The eGFR profiles of subjects were correlated with serum MGP levels (p = 0.015) ( Table 4 ).
Haplotype Analysis and Associations Between Haplotypes and CAD Risk, and Serum MGP Levels.
Linkage disequilibrium block structures of MGP SNPs were performed by Haploview [12] . Linkage disequilibrium was not observed in rs1800802, rs4236 and rs12304 and their D' values were under 0.99. Figure 3 presents the LD block structures and their association with CAD risk. At the haplotype analysis, there was no correlation between three haplotypes and CAD risk. Furthermore, serum MGP concentrations showed no difference related to these haplotype distributions, according to multinomial logistic regression analysis. 
DISCUSSION
In our study, we reported that serum MGP levels were associated with rs4236 and rs1800802 SNPs of the MGP gene with the occurrence of CAD. As results from the studies investigating the relationship of MGP SNPs with the serum MGP levels in CAD patients were inconclusive, we believe our findings show evidence for this relationship. We did not observe association between serum MGP levels and MGP SNPs in CKD. Even though we demonstrated the effect of rs4236 and rs12304 SNPs on CKD progression, in the present study we did not find any significant correlation between these SNPs and CAD risk. On the other hand, our results demonstrated that investigated MGP variants might affect serum MGP levels in CAD patients.
The MGP is considered as one of the important regulatory proteins for inhibition of calcification in the vessel wall and cartilage. The MGP gene SNPs are propounded to alter MGP gene expression and serum MGP levels, therefore increasing the risk of extracellular calcification [13] . Numerous studies have demonstrated the relationship between MGP SNPs and cardiovascular diseases in relation with calcification [8, 9, 11, 14] . Particularly, the role of rs1800802 and rs4236 SNPs in cardiovascular diseases has become prominent. The impact of the rs1800802 polymorphism on transcription in VSMCs was demonstrated in vitro, in addition to this result the differences in serum concentrations of MGP was correlated with genotypic variation [8] .
The consequences of MGP genotype variants in CVD are conflicting in clinical researches. For instance, the role of MGP gene rs1800802 polymorphism on vascular calcifications was investigated by numerous studies, however, no significant association has been discovered in an abdominal aorta of autopsy cases [15] , coronary arteries [14] or acute coronary syndrome and ischemic stroke [11] . Although certain studies demonstrated the association between the TT genotype of rs1800802 SNP and all-cause mortality and CVD risk in hemodialysis patients [16, 17] , our results did not show evidence linking the SNP with disease status in hemodialysis patients with CKD and CAD. On the other hand, the rs4236 polymorphism was found to be associated with myocardial infarction in low-risk individuals and assessed that this polymorphism contributed to coronary artery calcification [9] . Cassidy-Bushrow et al. [13] propounded that the rs4236 polymorphism has been shown to affect the progression of coronary artery calcification, however, it was not significantly associated with incident calcification. In that study, MGP genotypes were not involved in the quantity of coronary artery calcification; contrary to this, Crosier et al. [16] observed that rs1800802 or rs4236 SNPs were related to decreased quantity of calcification. A recently published meta-analysis, which evaluated the impact of MGP genetic variants in the process of vascular calcification, revealed that the rs1800801 (G7-A) polymorphism was associated with the risk of vascular calcification and atherosclerotic disease. However, rs800802 and rs4236 SNPs were not correlated with these diseases [18] .
Matrix Gla protein comprises five γ-carboxyglutamate (Gla) amino acids and it is activated via γ-glutamate carboxylation and serine phosphorylation [4] . The carboxy- lated MGP is asserted as a potent inhibitor of vascular calcification [19, 20] . The pathophysiological mechanisms for protection from vascular calcification are: 1) to have binding affinity to calcium-phosphate compound and prevent their aggregation within arterial wall; 2) to stimulate phagocytosis and apoptosis of the MGP-hydroxyapatite complex by regulating the macrophages; 3) to inhibit binding of bone morphogenetic protein-2 (BMP-2) to its receptor in order to prevent the differentiation of vascular smooth muscle cells (VSMCs) into osteoblast-and chondrocyte-like cells [21] . The active form of MGP is both phosphorylated and carboxylated, whereas inactive forms are: uncarboxylated MGP (ucMGP), carboxylated but not phosphorylated MGP (dpcMGP), phosphorylated but uncarboxylated (pucMGP), and the fully inactive un-carboxylated, dephosphorylated MGP (dpucMGP).
There are numerous studies that investigate the relationship between serum MGP and/or inactive forms of MGP levels, and vascular calcification in patients with CKD and CVD diseases, however, whether MGP SNPs have on effects serum MGP levels remain controversial [19, 22, 23] . We propounded that MGP levels might be modified in relation to the presence of polymorphic variants of the MGP gene in circulation of patients with CAD. Serum MGP levels were altered when associated with rs4236 and rs1800802 SNPs with the occurrence of CAD. The MGP levels increased when associated with the rs4236 variant, on the other hand, MGP levels were found to be low in association with the rs1800802 variant in the serum of CAD patients. However, the distributions of serum MGP levels were not statistically different between CAD patients and controls. Research conducted on incidence of altered MGP levels in vascular diseases are also contradictory.
In the meantime, the study of Wang et al. [24] is compatible to our results, hence, the rs4236 polymorphism found in association with higher MGP plasma levels and rs1800802 with lower levels. Even Farzaneh-Far et al. [8] propounded that the rs1800802 CC allele has increased the transcriptional activity of the MGP gene, direct or inverse relationship of the rs4236 or rs1800802 polymorphism with serum/plasma MGP concentrations could not be established by certain investigations [14, 25] . Furthermore, the association between serum MGP levels and CAD has not been verified in clinical investigations. The possible explanation is the activation of MGP occurring with modifications including carboxylation and phosphorylation; under-carboxylated MGP shows high affinity for hydroxyapatite crystal, therefore, accumulates in atherosclerotic lesions [19, 20, 26] .
We evaluated the two-allelic haplotype distributions in the studied SNPs and LD was not found to be significant between control and patients. Crosier et al. [16] reported that LD values of rs1800802, rs1800801 and rs4236 SNPs were highly significant, otherwise Najafi et al. [14] did not indicate haplotype distributions between rs1800802, rs1800801 and rs1800799 SNPs.
The limitation of this study is that serum MGP levels are inadequate to accurately reflect MGP tissue levels in atherosclerotic lesions. Although the investigation was carried out in a limited number of CAD patients, study groups were classified by the presence of arterial calcification after coronary diagnostic angiography, which was supposed to improve the accuracy of study findings.
Our results revealed that rs4236 and rs1800802 variants of the MGP gene were associated with serum MGP levels in patients with CAD. However, genotype distributions of three SNPs and serum MGP levels were not correlated with the presence of CAD. As it is well known, CVD are multifactorial disorders, therefore, development of arterial calcification is affected by several conditions including hypertension, hyperglycemia, hyperlipidemia and aging. Consequently, MGP gene polymorphisms might not directly influence the formation of CAD. Further large-scale investigations will elucidate the contribution of genetic variants of the MGP gene on formation and progression of arterial calcification in CVD.
